While the commercialization and diversification of agricultural and livestock systems have been identified as key global strategies for climate change adaptation and mitigation, less is known as to the large-scale gendered impacts that are implicated in these transformations among smallholder crop and livestock farmers. This study explores these gender impacts across different farming systems and gender-respondent-household typologies using data from the Rural Household Multiple Indicator Survey (RHoMIS) in 2,859 households in three East African countries-Ethiopia, Kenya, and Tanzania. Female control scores over incomes or foodstuffs produced through both on and off farm activities were highest in farming systems that had more land and more livestock. However, increasing commercialization-defined herein as the increasing importance of crop and livestock sales to farm households-resulted in an overall decline in female control across all farming systems and gender-respondent-household typologies. In contrast, crop and livestock diversification were positively associated with female control across gender-respondent-household typologies. Analysis of specific crops and livestock products across farming systems and respondent typologies revealed women have far greater control over decisions related to consumption than decisions related to sales, although the gap between the two were less pronounced in lesser-valued livestock products (chickens, eggs). However, the analyses suggest that as sale of crops and livestock increase, female control over these areas could likely diminish, regardless of specific activity. The authors conclude that approaches to adapt to or mitigate climate change that rely on increasing market orientation of smallholder production will likely intensify men's control over benefits from production, whereas diversification will likely have a more positive impact on female control. Thus, climate adaptation strategies promoting increased Tavenner et al. Intensifying Inequality? diversification will likely have a more positive impact on women smallholders than commercialization alone. The authors recommend that when commercialization is the target intervention, it must be accompanied by a gender differentiated analysis of trade-offs and risks to mitigate the potential negative consequences shown in this study.
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INTRODUCTION
Commercialization and diversification of smallholder farm production have been identified as key global development strategies in assisting farmers adapt to and mitigate climate change 1 . The diversification of crop and livestock production is generally highlighted as a climate change adaptation strategy (Djurfeldt et al., 2018) whereas commercialization of farming systems is noted as both an adaptation strategy when related to increased income (Howden et al., 2007; Bryan et al., 2013) and as a mitigation strategy when related to livestock intensification (Gerber et al., 2013; Herrero et al., 2014) 2 . Diversification strategies in agriculture and livestock production include increasing the variety of production locations, crop and livestock species, enterprises, and income sources (Harvey et al., 2014; Waha et al., 2018) . It is hypothesized that farmers willing to adopt these strategies are buffering themselves from the yield risks associated with variability in climatic conditions (Buechler, 2016) and the price risk of unpredictable commodity markets (Bradshaw et al., 2004) . Commercialization strategies in agriculture and livestock production are theorized to increase farmer's income, a benefit linked to furthering the goals of poverty alleviation, enhanced food security, and emission reduction goals through intensified livestock production practices (Edmunds et al., 2013; Farnworth et al., 2017) .
While these studies laud the impressive environmental and economic benefits associated with diversification and commercialization, less is known as to the large-scale gendered impacts that are implicated in these transformations among smallholder farmers. Because gender power relations are deeply embedded in livestock and agricultural systems (KIT, 2012; Orr et al., 2016; Tavenner and Crane, 2018a) , these relationships influence how smallholder farmers are able to take up climate change adaptation and mitigation strategies. Recent research (Twyman et al., 2014) confirms that there can be considerable differences between men and women in making on-farm changes 1 Climate change mitigation in livestock production is related to lowering the GHG emissions intensity in the sector to reduce the causes of climate change. Climate change adaptation is related to the adoption of social and/or technical practices that buffer production/profitability against climate driven shocks (i.e. drought, flood), to reduce the impact of climate change. 2 While smallholder farmer intensification is driven by many factors, including but not limited to access to markets, technology, population density, and economic, political, and social change, this study focuses on crop and livestock commercialization and diversification as they are implicated in climate change adaptation and mitigation to align with Frontiers special issue research topic on "The Feasibility of Large-Scale Action for Adaption and Mitigation". to adapt to climate change based on local cultural and gender norms. Notably, there is growing concern that these shifts in market and on-farm practices could potentially disenfranchise women by intensifying men's control over decision-making in these areas (Chanamuto and Hall, 2015; Rao, 2016) .
Although the potential for female disenfranchisement in increasing commercialization and market orientation has been documented across a wide array of commodities and farming activities (Anderson et al., 2012; Njuki and Sanginga, 2013; Silvestri et al., 2015; Forsythe et al., 2016; Tavenner et al., 2018) , robust statistical analysis of standardized indicators across farming systems investigating these relationships are severely lacking. This scarcity is noticeable considering the demand at the global policy level for generating gender equitable and socially inclusive development outcomes for the world's smallholder farmers (notable standardized indicators include the Women's Empowerment in Agriculture Index (WEAI) (Malapit et al., 2015) , the Women's Empowerment in Livestock Index (Galiè et al., 2018) , and the CCAFS Gender and Climate Change Survey (Bryan et al., 2018) . Moreover, the issues of gender respondent bias and the social phenomenon of gendered reporting have also been largely ignored in quantitative agricultural and livestock studies, with a few exceptions (Deere et al., 2012; Twyman et al., 2015; Tavenner et al., 2018) . This is surprising considering the long-standing recognition within feminist studies and the gender and development literature that gender takes its meaning from its intersection with other axes of social difference, including marital status (Carr, 2008; Nightingale, 2011; Ravera et al., 2016; Djoudi et al., 2017) . While there is a growing area of quantitative scholarship around gender and climate change (Mason et al., 2014; Perez et al., 2015; Tibesigwa and Visser, 2016; Assan et al., 2018) , these studies have used binary household headship as their level of gender data disaggregation and eschewed more in-depth respondent analysis.
To address these topical concerns and methodological gaps, this study aims to explore the relationships between female control and three on-farm climate change adaptation and mitigation strategies (commercialization, crop diversification, and livestock diversification) in East Africa using a large dataset collected using the Rural Household Multi-Indicator Survey (RHoMIS). East Africa is at the global vanguard of intensification of smallholder production, with Ethiopia, Kenya, and Tanzania each having national policies that explicitly promote this goal. These include the Livestock Master Plan (LMP) in Ethiopia (Shapiro et al., 2015) , the Agricultural Sector Development Program Phase II in Tanzania (Michael et al., 2017) , and the Big Four Agenda in Kenya (Office of the President GoK, 2018). Each of these policies effectively prioritize the productivity and commercialization of smallholder farmers, with plans to enhance large scale food production through innovations in livestock, fish, and crop systems. At the same time, concerns over the "climate-smartness" of this agenda are beginning to be addressed, for example, through the drafting of a Nationally Appropriate Mitigation Action Plan (NAMA) in Kenya (Farnworth, 2015) .
The study explores three hypotheses investigating how the overall female control over the benefits of on and off farm activities is related to market orientation (representing the commercialization strategy of the household), crop diversity and livestock diversity, and how these relationships are mediated by the gender of the respondent giving the survey information and the household type:
HYP 1: Gender-respondent-household typology influences the intercepts and relationships between the female control indicator and other variables (i.e., a gender respondent bias is present). This hypothesis is underpinned by the extant literature that suggests the respondent's gender and household type can play important mediating factors in household survey response trends (Fisher et al., 2010; Tavenner et al., 2018) HYP 2: Market orientation is negatively related to female control (as market orientation increases, female control decreases). This hypothesis is underpinned by the extant literature that suggests as market orientation increases, women's control over agricultural and livestock production diminishes, even over those activities that may have formerly been under their control (Anderson et al., 2010; Quisumbing et al., 2015; Hakizimana et al., 2017) . HYP 3: Crop and livestock diversity are positively related to female control (as crop and livestock diversity increases, female control increases). Underpinning this hypothesis is the extant literature that suggests increasing diversity in these areas may lead to more equitable outcomes for women compared to a sole focus on intensifying production and market orientation in a few commodities (Cole et al., 2014; Djurfeldt et al., 2018) .
The remainder of the paper is organized as follows. The next section describes the methods and materials used in the study, including some background on the RHoMIS survey tool and the rationale for the different indicators and comparisons. The results from the descriptive statistics, ANOVAs, and binomial regression analyses follow. The final section discusses the gendered trends emergent from the study in commercializing and diversifying smallholder farming systems, and the methodological and programmatic implications of these trends for farmers and policy makers.
METHODS

Data Sources
Data for this analysis was sourced from household characterization surveys in three countries: Ethiopia (496 households), Kenya (903 households), and Tanzania (1,460 households). Stratified random sampling of rural landholding households were used in each given location: in Ethiopia surveys were executed in the north (Tigray) and the central highlands; in Kenya surveys were executed in Wote, Nyando, Baringo, and Kitui while in Tanzania data was sourced from Iringa, Dodoma, Tabora, Zanzibar, Lindi survey applications and one country-wide application focusing on livestock holders. Different institutes were leading the RHOMIS applications. TreeAID is a UK-based international NGO focusing on the African dryland systems, implementing tree-based solutions to improve the livelihoods of rural households. All other applications were led by organizations from the CGIAR, i.e., ILRI, ICRAF, and Bioversity International, that focus on research for development in low-and middle-income countries. All RHOMIS applications served as baselines for a range of different projects, listed in Table 1 , aiming to characterize the diversity of livelihood strategies and welfare levels in the different sites. The difference between numbers reported under households surveyed and households analyzed is caused by missing gender differentiated information.
The household characterization data were collected with the RHoMIS survey tool. RHoMIS is a household survey tool with data storage and analysis functions included, designed to rapidly characterize the state and change in farming households by a series of standardized indicators. It was designed in response to an expressed need from development practitioners to improve current approaches in targeting and prioritization of intervention options and the monitoring of farm households (Hammond et al., 2017; Fraval et al., 2018) . The standardized method of data collection facilitates the creation of libraries of datasets, survey implementations, and visualization tools for open-source use. The data used in this study has been compiled from various individual research projects-illustrating the benefit of using such harmonized data collection tools.
RHoMIS provide a rapid characterization of farming systems, including household and farm welfare and livelihood strategies (see Hammond et al., 2017 for an overview). This study examines the relationships between several of the farm and household level indicators and the female control indicator included in RHoMIS (van Wijk et al., 2016) . We analyzed four indicators, and the information underpinning these indicators, in detail: female control; market orientation; crop diversity; and livestock diversity as well as standard farm (household) characteristics like farm area, livestock holdings, and income (in US$, purchasing power corrected).
The female control indicator of RHoMIS represents the control that women have over the benefits of on and off farm activities (i.e., cash or food) while market orientation, crop diversity, and livestock diversity were chosen as key indicators to represent the potential areas for climate action in smallholder farming systems. The RHoMIS female control indicator was created to quantify the extent of women in decision-making and household resource management (van Wijk et al., 2016) . The indicator is constructed based on three questions asked for each farm product or income source: who usually decides what to eat, when to eat it, and who sells it (i.e., who does the selling and receives the associated income). Possible answers are "household males, " "household females, " "children, " and/or "other." The information was aggregated to an overall score by weighing each activity along the importance it has in the food availability indicator that quantifies potential supply of calories to the family of different on and off farm activities resulting in a final score between 0 and 1, where 1 implies that women in the household decide completely what happens with benefits generated by different on and off farm activities, 0.5 implies that 50% of the overall weight of the activities is being decided on by women, and 0 implies that women have no decision control over the benefits 3 . This indicator therefore does not deal with ownership of assets, but with the agency to decide what to do with the benefits that result from these resources (Hammond et al., 2017) . Market orientation is also calculated on the basis of the food availability indicator by calculating the relative importance of sales of farm produce over the total set of farm activities (Frelat et al., 2016; Ritzema et al., 2017) . It also has a value between zero (no farm produce is sold) and one (all farm produce is sold), with various other intermediate values categorizing proportions of product sold. Crop and livestock diversity were calculated by simply summing the total number of different crops cultivated and livestock species kept on the farm (Waha et al., 2018 ).
Data Analysis
To quantify possible effects of gender respondent bias and household type, we generated three gender-respondenthousehold types. The first separation we made was between female single households (in the data there were no male single households) and couple households. Then for the couple households we defined two types to account for possible respondent bias: male respondent and female respondent. Thereby we ended up with three types: malecoupled respondents, female-coupled respondents, and single-female respondents. This allowed us to analyse the effect of gender respondent bias on the female control indicator and its relationship with other indicators in detail (by comparing 3 See Frelat et al. (2016) for a detailed description.
the results of the two coupled household types) and of household type (by comparing the results of the female single household type with the coupled household types while controlling for respondent bias).
We analyzed the female control information in different steps. In the first step we quantified the female control values across the respondent-household types and in relation to differences in the amount of productive resources that the farm households had available. We followed here the grouping of Hammond et al. (2017) and Fraval et al. (submitted) : systems were divided into four categories based on land cultivated (measured in hectares) and livestock holdings (measured in tropical livestock units or TLU's) for each household. System 1 are those households that have less than one hectare of land and <1 tropical livestock unit. System 2 were those households that were characterized as having more land (>1 hectare) and less livestock (<1 tropical livestock unit). System 3 were those households that were characterized by less land (<1 hectare) and more livestock (>1 tlu). System 4 were the households with the both more livestock (>1 tlu) and land cultivated (>1 ha). For a detailed description on the rationale of these cut-off points, see Hammond et al. (2017) . The differences between means in the female control indicator for each gender-respondent-household type and farming system type was compared using one-way ANOVA and the post-hoc Tukey Test (Tukey's Honest Significant Difference Test) in IBM SPSS Statistics 24.
In the second step we analyzed the female control indicator and its relationships with productive resources, market orientation and crop and livestock diversity in a continuous manner and assessed how these relationships are affected by respondent-household type. For this, after running descriptive statistics, binomial linear regressions were applied using R Statistics. Binomial regression was used to account for the bounded range of possible values of the female control indicator. Both main effects and first-order interaction terms were tested.
In the fourth step we analyzed the underlying causes of the female control relationships by quantifying the female control scores of individual crop and livestock products. We then evaluated how these individual activity scores and the overall female control relationships are implicated in smallholder diversification and commercialization strategies. Table 2 lists the descriptive statistics of gender respondent and system type by country. In all three countries the data included substantial sub-samples of all household-respondent combinations. The female-single is the smallest group, forming 7.5% of the sample in Tanzania, 16.5% in Ethiopia, and 17.5% in Kenya. Also, all production resource types occur in all countries, with System 1, little land-few livestock, forming the smallest group. The number of observations in each of the householdrespondent types and system types allow for detailed statistical analyses across the groups. Table 3 presents the mean and standard deviations for each gender-respondent-household typology in each system. Despite the large uncertainties in all variables for all productive resource classes, there are several significant differences in indicator values and occurrences between the gender-respondent-household types and productive resource groups. Most important is that among female single households, System 1 (small land-few livestock) occurs more often than in the couple household groups, with 17% of female single households in that category vs. 4 and 6% in the other two categories. Also, in the two "more livestock" household groups, livestock holdings are smaller than in the couple households. Across the board, on-and off-farm income values in the female single households are lower than in the coupled households, but surprisingly enough this does not translate into lower food availability scores, indicating a larger dependence in the female single households on consumption of own farm produce rather than selling it to the market. Also, no significant respondent differences are present between the indicators quantified for the couple households, indicating consistency between the production and income values reported by male and female respondents. Table 4 presents the mean scores for the female control indicator by system type across gender-respondent-household typologies. The differences between mean scores for each group were compared using one-way ANOVA and the posthoc Tukey Test (Tukey's Honest Significant Difference Test) in IBM SPSS Statistics 24. Across systems, male respondents had lower mean scores for the female control indicator than did women in coupled or single households, and these differences were statistically significant across all systems (p ≤ 0.01). There was also variation in mean scores between women in coupled vs. single households, with female-single respondents having higher scores than women in coupled households, except in system 3 where there was no difference between these groups. Aggregating across all systems and respondent types, female control scores were highest in the systems that had more livestock (systems 3 and 4).
RESULTS
Descriptive Statistics
Inferential Statistics
Using continuous variables, Table 5 presents the correlations between female control on one hand, and income, crop, livestock, and market orientation indicators on the other hand, using Spearman's Rho correlation test. The correlation coefficients and significance values are representative of the total data set of 2,859 farm households. Female control was negatively correlated with farm income, total income, value of farm produce, crop sales, livestock product sales, farm size, and market orientation. Female control was positively correlated with off-farm income, livestock diversity, and crop diversity.
To analyze whether these significant correlations are robust for respondent bias in coupled households, we used a binomial regression model (Table 6) . Respondent gender has a significant effect on the reported female control score, with female respondents estimating their level of control to be significantly higher than male respondents. Livestock diversity and crop diversity were both positively related to the female control score, while market orientation has a highly significant negative relation with female control. None of the first-order interactions between respondent gender and these factors were significant, meaning that the livestock diversity, crop diversity, and market orientation effects on female control are independent of the gender of the respondent. Table 7 presents the results of the binomial regression on all gender-respondent-household types with the source of data (project) incorporated as a random effect on the intercept. The model was built in an additive fashion, aiming to present the most parsimonious model while minimizing the Akaike Information Criterion (AIC). As with model 1 (see Table 6 ) it shows the significant effect of respondent gender and the absence of significant first order interaction terms of respondent gender with other explaining variables. The results furthermore also show that livestock diversity and crop diversity were both positively related to the female control score, while market orientation has a highly significant negative relation with female control, similar to the results obtained for the coupled households only. However, Table 7 also shows farm size (expressed as land cultivated) having a clear trend of a negative effect on female control (p < 0.1) while household type (i.e., couple vs. female single) has a strong effect on female control. Furthermore, there is a significant first-order interaction between household type (couple vs. female single) and market orientation: where, in couple households there is a highly significant negative effect of market orientation on female control, but this effect is less of an influencing factor in female single households (the β coefficient-i.e., slope-of market orientation is −1.07 in coupled households and −1.07 + 0.83 = −0.24 in female single households). Farm size (expressed as land owned) appears to have a negative effect on female control but is not statistically significant (p > 0.05). Figure 1 shows the marginal effects predicted by the model presented in Table 7 , with a strong negative market orientation effect on female control in coupled households, and the almost flat (and highly uncertain) relationship between market orientation and female control in female-single households. Also shown are the positive relationships between crop and livestock diversity and female control.
Female Control Over Specific Crop and Livestock Activities
To assess whether these patterns of gendered relationships regarding market orientation differ across specific cropping and livestock activities, the aggregated female control indicator was deconstructed to show the individual sale and consumption variables that contribute toward the overall indicator. The graphs in Figures 2, 3 illustrate the differences in female control over decisions related to the sale and consumption of individual crops and livestock products (scale of 0-1). Figure 2 illustrates female control over decisions related to crop sales and crop consumption across all farming systems and gender-household-respondent typologies. The crops included in the analysis were barley, beans, cassava, cowpea, green gram, groundnut, maize, millet, pigeon pea, rice, sorghum, teff, and wheat. These results indicate that female control over crop consumption is far greater than female control over decisions related to crop sales across all crops. Across all sites, female control over sales was greatest for green gram and lowest for the common staples maize, rice, and sorghum. Female control over consumption was greatest for pigeon pea and lowest for green gram. Corroborating these data and the results of the linear regression for female control and market orientation, we can conclude that as crop sales increase, female control over sales and consumption decisions will likely decrease. Figure 3 presents the differences in women's control over sales vs. consumption for livestock and their associated products. In contrast to the large discrepancies in women's control over consumption decisions compared to sales decisions across crops, that pattern appears to be less dramatic in livestock production. For live sales of livestock, female control was highest for chicken (above 0.60 female control score), while these values are much lower for goats and cattle live sales (both had female control scores of <0.30). For dairy products, there was a significant negative relationship between female control over sale of milk and total milk production, which suggests that as total milk production increases, female control over sales decrease. For meat products, women have the highest control over chicken meat-with generally chicken meat being less lucrative than cattle or goat meat. Female control over decisions related to goat and cattle meat were significantly lower, but with no significant differences between sales and consumption decisions. Overall, results show that female control over decisions related to sales of livestock and its products are significantly higher in lower-value livestock products (chicken, eggs) and milk than in cattle and goats (live animals and meat). Taken together with the results of the linear regressions, we can conclude that as sales of live and processed cattle and goats increase, female control over these livestock components in the farming system is likely to decrease.
DISCUSSION
This study investigated the relationships between female control and three on-farm climate change adaptation and mitigation strategies (commercialization, crop diversification, and livestock diversification) in East Africa using a large dataset collected with the Rural Household Multiple Indicator Survey (RHoMIS). The discussion is divided into three parts. The first section outlines the key results of the study related to how gender-respondent-household typology influenced the relationships between female control and other indicators, the differences between "coupled" and "single female" households, and the relationships between female control and farm household characteristics in different household types. The second section details the programmatic implications of these findings for interventions aimed at commercializing or diversifying smallholder production. The third section discusses the methodological implications gleaned from this analysis and recommendations for future gender analyses in agricultural household survey research. These are followed by a final section detailing the limitations of the study and proposed directions for future research.
Does Gender-Respondent and Household Typology Influence the Relationships Between Female Control and Commercialization and Production Diversity Indicators?
Our findings confirm our first hypothesis that there were often statistically significant differences between the three genderrespondent-household typologies (man in coupled household, woman in coupled household, and woman in single household) across farming systems that influenced the relationships between indicators. Male-coupled respondents consistently showed lower female control scores than either of the women-respondenthousehold typologies, although the respondent sex did not show interactions with the negative market orientation and positive production diversity relationships. The analyses also indicated that female control scores increase with larger farms. This contrasts with the commonly observed trend (Fischer and Qaim, 2012; Fehr and Moseley, 2017 ) that female control decreases with large farm operations. This finding could be due to the combination of consumption and sales decisions into a single indicator and the greater number of potential decisions to be made in larger farm operations. ANOVA results also showed single-female households had lower on and off-farm incomes than coupled households, but interestingly this dynamic did not translate into lower food availability scores, indicating a larger dependence on consumption of own produce rather than selling to a market. This dynamic could help explain the relatively high female control scores among single-female households.
By way of illustration, since equal weight was given to sales and consumption decisions in the female control indicator, intrahousehold relationships between male children and singlefemale heads regarding control of sales decisions may have been diluted through aggregation.
In addressing our second hypothesis that market orientation is negatively related to female control, our analyses demonstrated that there were indeed strong, negative, and statistically significant relationships between female control and market orientation across farming systems and gender-respondenthousehold typologies. Commercialization was negatively associated with female control in coupled households, but relatively flat in single-female households. The first binomial regression model showed that respondent gender had a significant effect on the reported female control score, with female respondents valuing their control higher than male respondents. Livestock diversity and crop diversity were both positively related to the female control score, while market orientation had a highly significant negative relation with female control. None of the first-order interactions between respondent gender and these factors were significant, meaning that the livestock diversity, crop diversity and market orientation effects on female control were independent of the gender of the respondent. The results of the second binomial regression were quite similar to the results obtained for the coupled households only, but differed for two items: farm size (expressed as land owned) which showed a clear trend of having a negative effect on female control (p < 0.1) but more importantly the results also showed a significant first-order interaction between household type (couple vs. female single) and market orientation: among couple households there was a highly significant negative effect of market orientation on female control, an effect that disappeared in female single households.
Furthermore, our analysis of individualized crop and livestock products revealed that women have far greater control over decisions related to consumption than decisions related to sales, although the gap between the two were less pronounced in lesser-valued livestock products (chickens, eggs) and cow's milk. While our analysis showed that certain activities in lesser-valued livestock products (chickens, eggs) had high levels of female control, these data coupled with the regression analyses suggest that as sale of crops and livestock increase, female control over both consumption and sale decisions could likely diminish in general, with only a few exceptions with some livestock activities.
Our final hypothesis that crop and livestock diversification would be positively related to female control was not rejected. Regression analyses showed positive and significant relationships between diversification and female control across farming systems and gender-respondent typologies. In other words, our analyses suggest that diversification as a farming strategy is more likely to have a positive impact on women than commercialization. This finding has significant implications for large-scale climate change adaptation and mitigation strategies seeking to minimize gendered inequalities, as well as national-level policies on smallholder intensification, discussed below.
What Are the Programmatic Implications of These Findings for Interventions and Policies Aimed at Commercializing or Diversifying Smallholder Production?
Understanding the trade-offs associated with smallholder transformations is an increasingly important approach for evaluating system-level outcomes of agricultural production and for prioritizing and targeting management interventions in multifunctional agricultural landscapes (Klapwijk et al., 2014; Thornton et al., 2018) . However, holistic analysis of the gendered social dimensions of these trade-offs and how they relate to climate-smart agriculture and livestock systems remain an underexplored topic 4 (Salmon et al., 2018; Totin et al., 2018) . These findings indicate that climate change interventions aimed at intensifying farming systems must recognize that these agricultural and livestock transformations may intensify gender inequality. While commercialization tends to weaken women's control by focusing on sales rather than consumption decisions, diversification may allow women to have greater control through the inclusion of more "marginal" crops (e.g., vegetables and legumes) and livestock (chickens, eggs) in the farming system, resulting in a positive relationship with female control. These gendered patterns of crop and livestock control are related to the cultural systems of meaning that ascribe gendered power and importance to different agricultural activities and commodities (Hovorka, 2012) . From a programmatic perspective, these patterns must be understood within their specific sociocultural context to inform gender-responsive, individualized interventions, or comprehensive national-level policies.
Taken together, crop and livestock diversification need to be understood as part of overall livelihood diversification strategies (Waha et al., 2018) and as a critical component of farmers' adaptation to a changing climate (Mohapatra et al., 2018) . This study highlights the importance of diversification as a potential buffer to the often-detrimental effects of commercialization activities on women crop farmers and livestock keepers. Understanding the gendered trade-offs implicated in making these changes is critical to advancing socially inclusive and gender equitable climate adaptation and mitigation strategies.
Beyond diversification, a small but growing field of development research is dedicated to testing potential "gender safeguards" to minimize the detrimental impacts of commercialization activities on women's livelihoods (Jost et al., 2014; Farnworth and Colverson, 2015; Westholm and Arora-Jonsson, 2018) . For example, a recent case study in Kenya's low emissions dairy development sector (Tavenner and Crane, 2018b) found that bundling direct payments to women with non-financial incentives, such as increased access to veterinary services, could help offset the impacts of women's loss of control over milk incomes under commercialization. Interventions and policies aimed at addressing the social and economic trade-offs made under mounting commercialization in agricultural and livestock systems will require locally-relevant and gender-responsive information to inform potential safeguards.
What Are the Methodological Implications of These Findings for Gender Analyses in Agricultural Household Survey Research?
In assessing the differences in reporting between respondent types, there are at least three mechanisms which can help explain gender bias in household surveys (see Tavenner et al., 2018 for full discussion). The first is that men and women may have the same information about the household's practices but report these differently for reasons of social acceptability (also known as social desirability bias) or strategic gain (real or imagined) (Matheson and McIntyre, 2014) . The second mechanism is that men and women may simply have different information available to them when they report on practices, because of their different roles and levels of participation in various farming and non-farm activities . The third mechanism involves nonsampling errors that occur due to contextual interpretations of survey questions and interviewer decision in the data collection process (Kriel and Risenga, 2014) .
While we cannot decipher the precise reason why these data revealed gender respondent bias, our analysis has shown that using the RHoMIS dataset helped compare and draw general conclusions about relations and trade-offs between farming practices and female control across genderrespondent-typologies using harmonized quantitative data. This methodology represents a more intersectional approach to quantitative gender analysis that accounts for another axis of social differentiation (in this case, marital status), which ultimately yielded greater insights into large-scale (regional) gendered trends, and the significant differences that often occur along these axes. Crucially, our analysis showed that the RHoMIS can be used to capture the negative, unintended consequences of development processes on gender relations (van Wijk et al., 2016) .
Potential Limitations and Directions for Future Research
The challenge of aggregating complex data from different organizations in numerous countries with diverse cultural contexts posed the inherent danger of influencing the variations in our results. And yet, despite these potential variations, this analysis yielded robust relationships across project sites. However, interpreting the results from this study was complicated by the aggregated female control indicator itself. The aggregation of female control as a singular value expressed as a combination of consumption and sales decisions may have obscured the gendered power dynamics that operate at market vs. consumption levels. Future research would also benefit from collecting data on what type of market (informal/formal) farmers are selling their agricultural produce or livestock and their associated commodities to. This information is necessary to outline more specific relationships between female control and type of market orientation. Additionally, collecting time series data from the same households would provide more robust future projects, as this study is a snapshot of the present only.
Furthermore, the issue of gender respondent bias raised new questions about how to interpret the female control indicator. While this indicator is useful in measuring the level of equality in a household, it is not a measure of "gender equity"-defined here as what is considered "fair" in a household based on localized gender and societal norms. Indeed, while income plays an important role for changing women's position within households (Bradshaw, 2013) , other studies have problematized the treatment of economic growth and gender equality as mutually supportive goals (Bayissa et al., 2018) . The premise that women and men make decisions individually ignores the areas of negotiation and joint-ness in households, and the notion of complementary household responsibilities between spouses (Dolan, 2010; Johnson et al., 2016; Doss, 2018) . In other words, "the values based on what people do, and how they do it, may be more important than the actual value of the income they make" (Bradshaw, 2013, p. 92) .
For example, recent research (Orr et al., 2016) suggests that farmer perceptions of commercialization trends can hinge on the "conjugal contract" within households. In their study among smallholder farmers in Zambia, Orr et al. (2016) found that women's perception of level of control did not change with level of commercialization. This dynamic is indicative of how gender relations and the notion of intrahousehold gender equity are negotiated at the household level (and should not be assumed as a zero-sum game). So although commercialization may decrease women's operational/financial control, it could also open up new opportunities to negotiate shared control over a bigger cash income-a price, some women may be willing to pay (Orr et al., 2016) . In sum, while this study points to important regional trends in female control, commercialization, and productive diversity indicators, future qualitative research is needed to address the meanings behind these dynamics.
CONCLUSION
This study has presented new evidence that on-farm strategies to adapt to and mitigate climate change have gendered tradeoffs and are associated with different patterns of female control. Our analyses revealed these patterns and relationships differ depending on the gender-respondent-household type surveyed in the Rural Multiple Indicator Household Survey (RHoMIS). Our results indicate that while market commercialization in the East African region tends to weaken women's control by focusing on sales rather than consumption decisions, diversification may allow women to have greater control through the inclusion of more "marginal" crops (vegetables, legumes) and livestock (chickens, eggs) in the farming system, thus creating a "social safeguard" against the potentially marginalizing effects of commercialization. These findings illustrate the need for climate change mitigation and adaptation interventions and policies to conduct gender-differentiated analysis of trade-offs and risks to mitigate the potential negative consequences shown in this study. In Ethiopia, Kenya, and Tanzania, the national policies promoting intensification of agricultural production that are currently in place must thoughtfully engage with these analyses in creating gender-responsive programming and interventions. Otherwise, large-scale climate adaptation and mitigation strategies focused solely on escalating market orientation may inadvertently intensify gender inequality among crop and livestock farmers.
To maximize data validity and tests of robustness across indicators, this study highlighted the importance of disaggregating gender data by respondent's gender and household type as opposed to homogenizing "women" as an analytic category. This method of gender analysis ensures that crucial gendered trends and/or differences in reporting are not eclipsed or obfuscated by simplified metrics for comparing gender dynamics. Our study was limited by the bounded, aggregated definition we used to create the female control indicator, lack of market type data, and additional time series data from the same households. Future research would benefit from collecting additional data in these areas, and by continued testing of gender respondent bias across different countries, farming systems, and gender-respondent-household typologies.
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